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MOTION TRACKING IN MRI BY HARMONIC
STATE MODEL: CASE OF LEFT HEART
ABSTRAK
We discuss about development of a new method of tracking closed contour
which is based on a Harmonic State Model (HSM), in order to carry out the
tracking of Left Ventricle (L V) during all the cardiac cycle. The Lionel's
method provides us the trajectories of the I.V contour from the tracking of
motion during the cardiac cycle, and information necessary to the analysis
of the cardiac motion. Using the HSM model allows a robust and correct
modeling of closed contour. The application in simulation of Lionels method
gives satisfactory results. On the real data extracted from MRI sequences,
the calculated trajectories, points of the LV contour throughout the cardiac
cycle, allow to have a clearly visible difference between a healthy heart and
a pathological heart.
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INTRODUCTION
The cardiovascular diseases, who are
important cause of mortality in the whole
world, are caused mainly by a disturbance
of the contractile function of the heart
which is carried out by the myocardium,
and in particular the Left Ventricle (LV).
The tracking of the LV motion allows the
following of a great number of
cardiovascular diseases.
The direct interpretation is very
difficult to do because of the weak
resolution and the strong presence of
noises on the MRI images. The technique
of space-time modeling is an
excellent alternative which gives many
parameters for the analysis. Its use respects
three stages: segmentation of the contour
of the LV starting from the cardiac images
and modeling (2D/3D) of the LV form,
temporal tracking of the LV motion and
finally the analysis of the parameters
calculated at the t  ime of the two preceding
stages for the emission of the diagnosis.
In the Lionel,s work, they only focus in the
second stage that is the temporal tracking
of the LV motion. The tracking of the LV
motion is a key phase in the process of
analysis of cardiac sequences.
Currently, the tracking is still lack of
precision or its cost of high calculation
when the result is satisfactory. The
objective are to present a new tracking
method which wants to be at the same
time specified and adapted to the tracking
of periodic forms like the left ventricle and
to differentiate a healthy heart and a
pathological heart.
METHOD
Harmonic State Model
Method of harmonic state model can find
the points on the contour. This model was
useful for temporal modeling of the left
ventricle motion (periodic motion). The
left ventricle is modeled by a closed
contour. This one can be described by a
continuous and periodic function (eq.01)
obtained by development of contour
around its center of gravity P (0).
/ is the number of sample related to 0, N
A0=2tt
is the number of samples and ÿ
the step of this sampling in angle 0. The
function P (0) presents a periodicity-
related to 0(0 takes value from o to 2 n
)
.
 If one considers the decomposition in
Fourier series, this function can be written
in form (eq. 02).
The term P is the average value, (0
the pulsation and n the number of
harmonics. The coefficients a-
,
 and 0{
respectively represent the amplitudes and
the phases of the various harmonics.
This paper showed that such an
evolution can be modeled by a harmonic
model state of order n. This model was
exploited in a temporal dimension to
model the movement of the left ventricle
(periodic movement). The periodicity of
the form allows a transposition of the
model in space dimension, introducing
thus constraints of form and smoothing
via he harmonic decomposition. This
model is dynamic, linear model and
makes it possible to associate a harmonic
decomposition in Fourier series a linear
dynamic model.[1]
Using Kalman filter in the 1  ISM model
offers the advantage of providing a robust
estimate to the noises as well as
parameters of the state vector of the
model. The vector of associated state is
then composed of 2n+1 elements (eq.03).
P <,,(0) represents the derivative of
the order j compared to 0. The equation
of state of the dynamic model is in the
form (eq.04).
The matrix is a matrix of calculated
transition F"
 according to the step from
sampling AO, and ÿp(0) is a Gaussian
noise with null average.
The state vector is a 2D local
descriptor of left ventricle contour wall
to the point control level. For a position
0
,
 left ventricle contour ca restored by a
series of recursive multipications of state
vector R(0) and matrix of transition FO .
This model makes it possible to
generate as many points as one wish on
contour and to associate a state vector to
them which characterize them.
Lionel,s tracking method
The objective of this method is to be able
to track the points of the Left Ventricle
contour throughout the cardiac cycle, and
to be able to rebuild their trajectory.[2]
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N ... eq. 01
P(0) =P + ai sin (coO + 0
,
)+...
+ a» sin(7t O0 + 0„) - eq. 02
R (
.
0) = P
,
P(6),..., P <2n-O(0))T ... eq. 03
R (0) + A0) = F>R (6) + Cp(0) ...eq.04
ÿEiicU (X,Y) = fnT-V £ (Xi - VjT
i =  O
with X,Y vector of size n ... eq. 05
Corr (X.Y) = -°"" (X'y)-
Cov(X.Y) *Cov(X
,
Y)
with Cov (X,Y) = E (X.Y) - E(X) *E(Y)
where E (X) is the average
of vector X ... eq. 06
In this tracking method, use the
Harmonic State Model as a base to
modeling surface 2D of the left ventricle.
The Harmonic State Model offers a good
modeling of a closed contour (a periodic
evolution).
This method for track the points on
each contour. For example, on each
contour there are 20 contours, and each
point called pi,  p2,p3,...,  pn the first point
on the first contour will track the first
point on the second contour and to be
able to rebuild their trajectory.
As the state vector of the HSM is a
local descriptor, the tracking of the motion
is carried out on the level of each point
by search for similar state vectors. Being
given a point of control p of the left
ventricle contour, Ct at the moment t,
with state vector Rpt, determine which
point of C,+Icontour at the moment f+i,
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